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Fig. 1 Biorefinery products and their market drivers [1]. (Reproduced with permission from Sadhukhan et al. (2014) [1] Copyright © 2014 
Society of Chemical Industry and John Wiley & Sons, Ltd.)  
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 Fig. 2 Microbial fuel cell (MFC) generates electricity by electron harvesting from waste streams using bacteria; protons transfer from the anode 
to cathode and reduce oxygen to produce water; the overall operation is exogenic. Microbial electrolysis cell (MEC) generates hydrogen using 
the same principle, except hydrogen production in the cathode chamber and the overall operation is endogenic needing external voltage.   
 Fig. 3 MEC schematic with anode and cathode substrates that can be sourced from waste biomass.  
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 Fig. 4 Biorefinery preprocessing and processing technologies, mechanisms and products [1]. (Reproduced with permission from Sadhukhan et al. 
(2014) [1] Copyright © 2014 Society of Chemical Industry and John Wiley & Sons, Ltd.) 
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 Fig. 5 Integrated bioethanol and MES process flowsheet: route 1: fermentation; route 2: lignocellulose fractionation.   
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 Fig. 6 Process flow schematic for utilising glycerol and stillage streams of an existing biodiesel plant producing biodiesel from oily residues 
esterification and waste oils transesterification, in a BES. The numbers in bold are the mass units of the various flows in the integrated flowsheet, 
which gives biodiesel, ethanol and biofuel (biobutanol, acetate and formate) products of 100, 5.4 and 6.63 mass units, respectively. Please refer 
to the “Supplementary material on biodiesel process flowsheet synthesis and hypothesis for MES creation” for the illustration. 
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 Fig. 7 Integrated AD, fermentation and membrane electrolysis process (BES: bioelectrochemical synthesis) flowsheet. BES is used to remove 
ammonia from AD effluent, which is then recycled back to AD to increase biomethane concentration >90 vol%. Effluents from BES and AD can 
also be processed through MF / UF / NF, and RO for enhance recovery of nutrients and pure water. RED and MFC are used to recover some of 
the energies. Generated hydrogen in BES has two options: 1) React with ammonia to produce amine; 2) React with CO2 from fermentation or 
other processes to produce carboxylate / alcohol. Techno-economics of the integrated systems will be a subject of consideration for further 
research. 
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Fig. 8 𝑙𝑜𝑔10(𝑖) (while 𝑖 is in A m
-2) with respect to activation overpotential (in mV) for two exchange current densities. (a) Exchange current 
density = 3.33 A m-2; (b) Exchange current density = 1.67 A m-2. 
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 Fig. 9 𝑙𝑜𝑔10(𝑖) (while 𝑖 is in A m
-2) with respect to concentration overpotential (in mV) for two limiting current densities. 
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Fig. 10 (a) Power density and (b) electrode potential as function of current density at different substrate concentrations. Numbers are the 
concentrations of acetate in g l-1. 
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Fig. 11 Availability of the cathode surface area with the progress of reaction (mean value shown by the arrowhead) for different acetate 
concentrations. 
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 Fig. 12 Strategy for bioproduct and bioprocess development from ideas to market: Utilisation of predictive power.  
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 Fig. 13 Target polymers from integrated biorefineries [1]. (Reproduced with permission from Sadhukhan et al. (2014) [1] Copyright © 2014 
Society of Chemical Industry and John Wiley & Sons, Ltd.) 
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